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Background: This study presents perceptions of the harmfulness of electronic cigarettes (e-cigarettes) relative to
combustible cigarettes among smokers from six European Union (EU) countries, prior to the implementation of
the EU Tobacco Products Directive (TPD), and 2 years post-TPD. Methods: Data were drawn from the EUREST-PLUS
ITC Europe Surveys, a cohort study of adult smokers (18 years) from Germany, Greece, Hungary, Poland, Romania
and Spain. Data were collected in 2016 (pre-TPD: N¼ 6011) and 2018 (post-TPD: N¼ 6027). Weighted generalized
estimating equations were used to estimate perceptions of the harmfulness of e-cigarettes compared to com-
bustible cigarettes (less harmful, equally harmful, more harmful or ‘don’t know’). Results: In 2016, among
respondents who were aware of e-cigarettes (72.2%), 28.6% reported that they perceived e-cigarettes to be
less harmful than cigarettes (range 22.0% in Spain to 34.1% in Hungary). In 2018, 72.2% of respondents were
aware of e-cigarettes, of whom 28.4% reported perceiving that e-cigarettes are less harmful. The majority of
respondents perceived e-cigarettes to be equally or more harmful than cigarettes in both 2016 (58.5%) and 2018
(61.8%, P> 0.05). Overall, there were no significant changes in the perceptions that e-cigarettes are less, equally
or more harmful than cigarettes, but ‘don’t know’ responses significantly decreased from 12.9% to 9.8%
(P¼0.036). The only significant change within countries was a decrease in ‘don’t know’ responses in Spain
(19.3–9.4%, P¼ .001). Conclusions: The majority of respondents in these six EU countries perceived e-cigarettes
to be equally or more harmful than combustible cigarettes.
. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .
Introduction
S
moked tobacco is the most dangerous form of tobacco consump-
tion.1,2 The smoke from combustible cigarettes, by far the most
common form of tobacco use in most countries, includes over
4000 chemicals and at least 70 known carcinogens.1 It is well-
established that cigarettes kill a third to half of all people who use
them, and those who die from smoking lose over a decade of life.3,4 It
has long been known that people smoke tobacco for the nicotine, but
die from the poisonous chemicals in tobacco smoke (e.g. hydrogen
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In the past, the tobacco industry developed what they claimed to be
‘safer’ cigarettes in response to smokers’ growing health concerns.
Filtered light/low-tar cigarettes were marketed as lower-harm alter-
natives, but provided no such reduction in harm, mainly because of
compensatory smoking behaviours.6 These industry efforts provided
smokers with a false sense of reduced risk, and there is epidemio-
logical evidence that they undermined smoking cessation.7
Novel nicotine vaping products, such as electronic cigarettes (e-
cigarettes), may have a role to play in reducing the health-related
harms of tobacco smoking by assisting cessation attempts and sup-
porting long-term abstinence from smoking. Recent comprehensive
reviews of the available scientific evidence by the National Academy
of Sciences, Engineering and Medicine (NASEM),8 Public Health
England (PHE)9 and the Royal College of Physicians (RCP)
London,10 as well as position statements by other bodies11 have
concluded that although e-cigarettes contain harmful constituents,
overall, they are less harmful than combustible cigarettes.
Despite the scientific evidence that e-cigarettes are less harmful
than combustible cigarettes, people’s perceptions of the risks asso-
ciated with e-cigarette use have been shown to be over-estimated,
particularly in recent years, including among smokers who could
benefit from them.9,12 Several observational studies have shown the
main reasons for smokers using e-cigarettes were as a harm reducing
alternative to cigarettes or to help them to quit smoking.13–16
Moreover, the belief that e-cigarettes are less harmful than combust-
ible cigarettes has been shown to be associated with using e-ciga-
rettes during a smoking cessation attempt, in reducing cigarette
consumption, and in quitting smoking altogether.12,15,17–20 One re-
cent study from the Population Assessment of Tobacco and Health
(PATH) Study in the USA found that adult dual users of e-cigarettes
and cigarettes who perceived e-cigarettes to be less harmful than
combustible cigarettes were more likely to switch to exclusive e-
cigarette use, more likely to remain dual users and less likely to
relapse back to exclusive cigarette smoking 1 year later compared
to dual users with other perceptions of e-cigarette harm.21
Therefore, inaccurate perceptions of the relative risk of e-cigarettes
and combustible cigarettes, particularly among smokers who are
unable or unwilling to completely give up nicotine, may deter smok-
ers from switching to using e-cigarettes.
Various countries around the world have taken quite different
approaches to the regulation of e-cigarettes. A number of countries
have banned e-cigarettes with and/or without nicotine, some coun-
tries have not implemented any regulations, while others have regu-
lated nicotine-containing e-cigarettes for consumer safety purposes
(e.g. set a minimum age of purchase, restricted use in public pla-
ces).22 In 2016, the European Union (EU) implemented stronger
regulations for e-cigarettes under Article 20 of the EU Tobacco
Products Directive (TPD). Some of the key measures that may
have impacted harm perceptions for e-cigarettes include: mandated
textual health warnings (e.g. ‘This product contains nicotine which
is a highly addictive substance’), a ban on promotional and mislead-
ing elements on packaging, advertising and promotion bans and
some safety and quality requirements (e.g. capped nicotine levels,
volume restrictions on tanks and refills, child-resistant refill contain-
ers). These changes took place alongside TPD-mandated enhance-
ments to health warnings on tobacco packaging, which became
larger (65%) with graphic picture warnings on the front and back.
It is important to monitor harm perceptions, as it can help us to
understand changing patterns of product use. It has been shown that
stricter e-cigarette regulations influence perceptions about relative e-
cigarette and cigarette harm,23 and product regulations may shape
or change beliefs about nicotine products. This study aimed to
examine perceptions of the harmfulness of e-cigarettes relative to
combustible cigarettes in six EU countries at two time-points: first
in 2016, prior to the implementation of the TPD, and then again in
2018, after the implementation of the TPD.
Methods
Study design, sample and procedure
The ‘ITC 6 European Country (ITC 6E) Survey’ was undertaken
within the context of a European Commission Horizon-2020 funded
study ‘(EURESTPLUS- HCO-06-2015)’, which aimed to evaluate the
impact of the EU TPD and the World Health Organization (WHO)
Framework Convention on Tobacco Control (FCTC).
The ITC 6E Survey is a prospective cohort study of adult smokers
(aged 18) from six EU Member States: Germany, Greece, Hungary,
Poland, Romania and Spain. It was designed to produce nationally
representative samples in each of the six countries. Before the imple-
mentation of the TPD (pre-TPD, Wave 1: June to September 2016),
approximately 1000 adult smokers who reported having smoked at
least 100 cigarettes in their lifetime, and smoked at least monthly,
were recruited from each country. Respondents were selected from
households in urban, intermediate or rural regions, and sampled using
a stratified two-stage area sampling design with a random-walk tech-
nique. A maximum of two smokers (one male and one female) from
each household were eligible to participate. After providing written
consent, 6011 respondents completed the survey via a computer-
assisted personal interview conducted in each country’s official lan-
guage. Household response rates ranged from 30% in Germany to
64% in Hungary. The survey took on average 35 min to complete.
Following the implementation of the TPD (post-TPD, Wave 2:
February to May 2018), 6027 respondents completed the study.
These respondents consisted of two sample types: (i) re-contacted
(cohort) respondents (n¼ 3195) from pre-TPD who were followed
up regardless of their current smoking status (retention rates ranged
from 36% in Hungary to 71% in Germany and Spain, with an average
of 53% for the full sample); and (ii) new respondents (current smok-
ers) to replenish those who were lost to attrition. The replenishment
sample (n¼ 2832) was recruited from newly selected households, and
approached in the same manner as pre-TPD, with the random-walk
procedure beginning at a new (random) starting point. Within the
context of this manuscript, we present the comparison of the entire
population at both time points (repeated cross-sectional design).
The study was approved by the Research Ethics Board of the
University of Waterloo in Canada, and by local ethics boards in
the participating countries. Further details about the study protocol
can be found elsewhere.24
Data weighting
After all data were collected and cleaned, each respondent was
assigned a sampling weight according to their wave of recruitment.
For those present in both 2016 and 2018, the sampling weight was
their 2016 wave cross-sectional weight, rescaled to sum to the sam-
ple size for each country. For respondents newly recruited in 2018,
the sampling weight was based on the cross-sectional weight rescaled
to sum to the sample size of the 2018 wave recruits in each country.




Sociodemographic measures were sex [female versus (vs.) male], age
group (18–24, 25–39, 40–54 and 55 years), employment status
(employed vs. otherwise) and degree of urbanization (urban, inter-
mediate and rural). In each country, household income information
was collected in the local currency. Different thresholds were used in
each country to classify respondents as low, moderate or high in-
come (Supplementary table S1). Respondents who refused to pro-
vide household income were retained for analysis by including an
‘income not reported’ category. Education was also classified as low,
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moderate or high using the International Standard Classification of
Education.
Smoking variables
All respondents were initially recruited as current smokers. Cohort
respondents were asked to report their smoking status at the time of
the Wave 2 survey and were categorized herein as either a daily
smoker, non-daily smoker or ‘quitter’. All respondents at the time
of initial recruitment were asked to report: (i) their current frequency
of smoking (daily, weekly and monthly); and (ii) number of cigarettes
smoked per day (CPD: 10, 11–20, 21–30 and 31; quitters ¼ 0)
which was used as a proxy measure of nicotine dependence.
E-cigarette variables
All respondents were asked to report if they had ever heard of e-
cigarettes (‘yes’ or ‘no’, with ‘I don’t know’ responses classified as
‘no’). Those who had heard of e-cigarettes were asked if they had
ever tried an e-cigarette (‘yes’ or ‘no’), and if so, if they were cur-
rently using one. Responses were: ‘yes’ (daily, weekly, monthly or
less than monthly) or ‘not at all’ (‘don’t know’ responses were clas-
sified as ‘no’). These were classified herein as ‘currently using an e-
cigarette’ vs. ‘currently a non-user’.
Outcome
Perceived harmfulness of e-cigarettes compared to combustible ciga-
rettes: All respondents who were aware of e-cigarettes were asked:
‘In your opinion, is using e-cigarettes or vaping devices less harmful
to health, more harmful to health, or no different than smoking
ordinary cigarettes?’ Response options were categorized as: ‘less
harmful’, ‘equally harmful’, ‘more harmful’ or ‘don’t know’. In add-
ition, for some analyses (and consistent with previous research30),
response options were categorized as: more/equally harmful vs. less
harmful vs. don’t know. Respondents who did not answer this ques-
tion were excluded from all analyses.
Statistical analysis
Unweighted statistics were used to describe respondents’ baseline
characteristics from each country (table 1).
Next, generalized estimating equation (GEE) (adjusted) multi-
nomial regression models were used to test whether the perceived
harmfulness of e-cigarettes changed from 2016 to 2018. An initial
GEE model tested the main effect of the survey year (wave) on
perceptions of harmfulness. A second GEE model tested for an inter-
action between country and wave to examine whether perceptions
changed significantly from 2016 to 2018 in each of the six countries.
Both the main effect and interaction models controlled for sex, age,
degree of urbanization, income, education, smoking status, CPD, e-
cigarette use status (current e-cigarette user vs. non-user) and time-
in-sample (TIS: the number of times a respondent participated in
the study). The model that tested the interaction also included the
main effects of both country and wave. False discovery rate (FDR)
adjustments were used to account for multiple comparisons.
Finally, two separate GEE logistic regression models tested
whether there were differences in relative perceptions of harmfulness
by (i) country (Hungary was used as the reference group as respond-
ents there had the highest perception that e-cigarettes are less harm-
ful, in line with scientific consensus); and (ii) e-cigarette use status
(‘current e-cigarette user’ vs. ‘tried but not currently using an e-
cigarette’ vs. ‘never tried/used an e-cigarette’). Weighted estimates
for 2016 and 2018 were pooled and averaged for each response, and
then were dichotomized by ‘less harmful’ vs. ‘other’ (equally/more
harmful/don’t know) (Model 1), and then ‘equally/more harmful’
vs. ‘other’ (less harmful/don’t know) (Model 2). Both models
adjusted for sex, age, education, income, degree of urbanization,
smoking status, CPD, survey wave (2016 vs. 2018) and TIS.
All analyses were conducted using SAS-callable SUDAAN Version
11.0.1 to account for the sampling design. All GEE analyses were
conducted using weighted data.
Ethics approval
The survey protocols and all materials, including the survey ques-
tionnaires, were cleared for ethics by the ethics research committee
at the University of Waterloo (Ontario, Canada), and ethics com-
mittees in Germany (Ethikkommission der Medizinischen Fakultät
Heidelberg), in Greece (Medical School, University of Athens—
Research and Ethics Committee), in Hungary (Medical Research
Council—Scientific and Research Committee), in Poland (State
College of Higher Vocational Education—Committee and Dean of
the Department of Health Care and Life Sciences), in Romania
(Iuliu Hatieganu University of Medicine and Pharmacy) and in
Spain (Clinical Research Ethics Committee of Bellvitge, Hospital
Universitari de Bellvitge, Catalonia).
Results
Eligible respondents
In 2016, 6011 smokers completed the survey. Of those, 4266 had both
heard of e-cigarettes and responded to the outcome variable (relative
harm perceptions). In 2018, 6027 respondents completed the survey
(re-contact: n¼ 3195; replenishment: n¼ 2832), of whom 4327 com-
pleted the relative harm perception question. Of the 3195 respondents
re-contacted at Wave 2 (53.2% of Wave 1 respondents), 415 reported
having quit smoking and 298 answered the relative harm perception
question. Overall, there were a total of 6675 individual responses to
the relative harm perception question across the 2016 and 2018 survey
waves. A study flow diagram is presented in Supplementary figure S1.
Table 1 presents unweighted baseline respondent characteristics
for those included in the current study. Overall, the average age of
the sample was 44.1 6 14.1 years, 47.5% were female, 96.3% were
daily smokers and 4.3% of the sample were current e-cigarette users
(ranging from 2% in Spain to 8% in Germany).
Perceptions of harmfulness of e-cigarettes compared
to combustible cigarettes
Supplementary table S2 and Figure 1a–c present the estimates (over-
all and by country) for perceptions of harmfulness of e-cigarettes
compared to cigarettes in 2016–2018. The main effect model (which
tested the main effect of survey wave), was significant (v2 ¼ 8.24,
P¼ 0.041); however, after the FDR adjustment for multiple compar-
isons, there were no significant changes in any perceptions between
2016 and 2018. In addition, the interaction of country and wave was
not significant (v2 ¼ 24.68, P¼ 0.054).
Perceptions of harm of e-cigarettes compared to
combustible cigarettes by country
Less harmful
There was no overall change across the six countries for relative
perceptions of e-cigarettes as being less harmful compared to com-
bustible cigarettes. Hungary (34.1%) and Greece (33.5%) had the
highest proportion of respondents who reported that e-cigarettes are
less harmful in 2016, and Hungary in 2018 (35.1%). Romania (in
2016 and 2018) and Spain (in 2016) had the lowest proportions of
respondents who believed this (figure 1a).
Equally or more harmful
The perception that e-cigarettes are ‘equally harmful’ was fairly
stable across all countries over time; however, the perception that
e-cigarettes are ‘more harmful’ increased in five of the six countries
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(excluding Spain), but the differences were not statistically signifi-
cant (Supplementary table S2).
Perceiving e-cigarettes to be either ‘equally’ or ‘more harmful’
increased in Greece (58.5% to 62.1%), Hungary (52.9% to 57.0%)
and Spain (58.7% to 64.4%). Germany (62.7%) had the highest
proportion of respondents who reported this in 2016, and Spain
in 2018 (64.4%) (figure 1b).
Don’t know
‘Don’t know’ responses decreased over time in four of the six coun-
tries; however, only in Spain did this reach statistical significance
(19.3–9.4%, P  0.01). The largest proportion of respondents who
reported uncertainty were from Spain in 2016 (19.3%), and
Romania in 2018 (22.5%) (figure 1c).
Perceptions of harmfulness of e-cigarettes compared
to combustible cigarettes (combined across both
waves) by country and e-cigarette use status
Within the pooled analysis, compared to respondents from Hungary,
respondents from Spain [odds ratio (OR) 0.56, 95% confidence inter-
val (CI) 0.40–0.77] and Romania (OR 0.45, 95% CI 0.33–0.62) were
significantly less likely to believe that e-cigarettes are less harmful than
combustible cigarettes. Respondents from Germany were significantly
more likely to believe that e-cigarettes are equally or more harmful
than respondents from Hungary (OR 1.43, 95% CI 1.04–1.96). There
was no interaction effect between country and survey wave (F¼ 1.61,
P¼ 0.16) (Supplementary table S3).
E-cigarette use status was related to perceptions of harmfulness,
such that current e-cigarette users (OR 4.03, 95% CI 3.05–5.33), and
those who reported having tried but not currently using e-cigarettes
(OR 1.47, 95% CI 1.26–1.73), were significantly more likely to be-
lieve that e-cigarettes are less harmful than those who had never
tried an e-cigarette. In addition, current e-cigarette users were sig-
nificantly less likely to believe that e-cigarettes were equally or more
harmful than cigarettes (OR 0.40, 95% CI 0.31–0.52) compared to
those who had never tried an e-cigarette (Supplementary table S3).
There was no significant interaction between e-cigarette use and
survey wave for either model: Model 1: less harmful (F¼ 0.001,
P¼ 0.99) and Model 2: equally/more harmful (F¼ 0.91, P¼ 0.40).
Discussion
The current study examined perceptions of harmfulness of e-ciga-
rettes compared to combustible cigarettes and found that the ma-
jority of respondents in these six EU countries perceived e-cigarettes
to be equally or more harmful than combustible cigarettes, both
prior to the implementation of the TPD (2016), as well as at the
Table 1 Unweighted baseline characteristics of smokers present in 2016 and/or 2018
Germany, n (%) Greece, n (%) Hungary, n (%) Poland, n (%) Romania, n (%) Spain, n (%) Overall, N (%)
Wave of recruitment
2016 635 (75.5) 737 (61.0) 679 (60.4) 685 (67.1) 679 (73.7) 851 (76.9) 4266 (68.6)
2018 206 (24.5) 471 (39.0) 446 (39.6) 336 (32.9) 242 (26.3) 255 (23.1) 1956 (31.4)
Sex
Female 427 (50.8) 568 (47.0) 535 (47.6) 551 (54.0) 371 (40.3) 502 (45.4) 2954 (47.5)
Male 414 (49.2) 640 (53.0) 590 (52.4) 470 (46.0) 550 (59.7) 604 (54.6) 3268 (52.5)
Average age (SD) 44.8 (14.5) 45.3 (13.8) 44.8 (13.9) 43.6 (14.2) 43.3 (14.0) 42.4 (14.0) 44.1 (14.1)
Age group
18–24 80 (9.5) 84 (7.0) 82 (7.3) 87 (8.5) 110 (11.9) 142 (12.8) 585 (9.4)
25–39 244 (29.0) 340 (28.1) 341 (30.3) 368 (36.0) 270 (29.3) 334 (30.2) 1897 (30.5)
40–54 282 (33.5) 474 (39.2) 400 (35.6) 289 (28.3) 306 (33.2) 388 (35.1) 2139 (34.4)
55þ 235 (27.9) 310 (25.7) 302 (26.8) 277 (27.1) 235 (25.5) 242 (21.9) 1601 (25.7)
Degree of urbanization
Urban 296 (35.2) 210 (17.4) 390 (34.7) 377 (36.9) 316 (34.3) 595 (53.8) 2184 (35.1)
Intermediate 344 (40.9) 710 (58.8) 436 (38.8) 317 (31.0) 234 (25.4) 377 (34.1) 2418 (38.9)
Rural 201 (23.9) 288 (23.8) 299 (26.6) 327 (32.0) 371 (40.3) 134 (12.1) 1620 (26.0)
Income
Not reported 107 (12.7) 237 (19.6) 390 (34.7) 332 (32.5) 90 (9.8) 4 (40.7) 1606 (25.8)
Low 252 (30.0) 184 (15.2) 164 (14.6) 140 (13.7) 157 (17.0) 279 (25.2) 1176 (18.9)
Moderate 259 (30.8) 619 (51.2) 287 (25.5) 351 (34.4) 394 (42.8) 303 (27.4) 2213 (35.6)
High 223 (26.5) 168 (13.9) 284 (25.2) 198 (19.4) 280 (30.4) 74 (6.7) 1227 (19.7)
Education
Low 427 (51.0) 321 (26.6) 652 (58.1) 130 (12.9) 218 (23.9) 432 (39.1) 2180 (35.2)
Moderate 339 (40.5) 639 (52.9) 388 (34.6) 757 (75.0) 596 (65.3) 575 (52.0) 3294 (53.2)
High 72 (8.6) 247 (20.5) 83 (7.4) 123 (12.2) 99 (10.8) 98 (8.9) 722 (11.7)
Smoking status
Daily smoker 763 (90.7) 1175 (97.3) 1104 (98.1) 986 (96.6) 888 (96.4) 1073 (97.0) 5989 (96.3)
Non-daily smoker 78 (9.3) 33 (2.7) 21 (1.9) 35 (3.4) 33 (3.6) 33 (3.0) 233 (3.7)
Type smoked
FM only 608 (72.3) 882 (73.0) 586 (52.1) 827 (81.1) 861 (93.5) 803 (72.6) 4567 (73.4)
RYO only 95 (11.3) 310 (25.7) 454 (40.4) 76 (7.5) 15 (1.6) 209 (18.9) 1159 (18.6)
Both 138 (16.4) 16 (1.3) 85 (7.6) 117 (11.5) 45 (4.9) 94 (8.5) 495 (8.0)
CPD
<10 315 (37.5) 330 (27.3) 396 (35.2) 337 (33.2) 322 (35.0) 463 (41.9) 2163 (34.8)
11–20 400 (47.6) 572 (47.4) 613 (54.5) 579 (57.0) 484 (52.6) 538 (48.6) 3186 (51.3)
21–30 97 (11.5) 166 (13.7) 86 (7.6) 74 (7.3) 72 (7.8) 64 (5.8) 559 (9.0)
31þ 28 (3.3) 140 (11.6) 30 (2.7) 25 (2.5) 43 (4.7) 41 (3.7) 307 (4.9)
E-cigarette use status
Current user 71 (8.4) 64 (5.3) 38 (3.4) 34 (3.4) 36 (3.9) 27 (2.4) 270 (4.3)
Tried but not currently using 177 (21.1) 270 (22.4) 142 (12.6) 228 (22.6) 281 (30.5) 264 (23.9) 1362 (21.9)
Never-user 593 (70.5) 874 (72.4) 944 (84.0) 747 (74.0) 604 (65.6) 815 (73.7) 4577 (73.7)
Current e-cigarette user: daily, weekly or monthly use.
CPD, cigarettes per day; FM, factory made cigarettes; RYO, roll-your-own cigarettes; SD, standard deviation.
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post-TPD (2018) time period. These findings do not align with the
existing scientific evidence indicating that e-cigarettes are less harm-
ful than cigarettes and other combustible tobacco products,8,10 but
they are consistent with the growing perceptions in other countries
that e-cigarettes are at least equally as harmful as cigarettes.12,13 It is
notable, however, that smokers from these six EU countries gener-
ally have much more negative perceptions of e-cigarettes than smok-
ers from other high income, westernized countries.25,26
There is a paucity of published literature examining whether per-
ceptions of the relative harmfulness of e-cigarettes compared to
combustible cigarettes differ under different regulatory frameworks.
One study by Yong et al.23 examined whether current and former
smokers’ relative perceptions of e-cigarette harm varied under dif-
ferent e-cigarette regulatory environments. The results showed that
the perception that e-cigarettes are less harmful than conventional
cigarettes was considerably higher in the UK where the use of e-
cigarettes to replace combustible cigarettes is encouraged for harm
reduction purposes than in Australia, which has much stricter regu-
latory policies as e-cigarettes with nicotine are prohibited.27 The
authors suggested that these results may be attributable to the less
restrictive e-cigarette policies in the UK, e.g. allowing e-cigarettes
with nicotine to be sold on the open market.
After the implementation of the stricter TPD regulations, there
were small but mostly non-significant changes in perceptions of the
harmfulness of e-cigarettes compared to combustible cigarettes,
including a slight increase in the perception that e-cigarettes are
equally or more harmful than cigarettes. Overall, there was a small
decrease over time in the proportion who reported being uncertain;
this was evident in four of the six countries, but significant only in
Spain. After the TPD, Romania had the highest rate of uncertainty
about the harm of e-cigarettes relative to cigarettes, where nearly a
quarter of the respondents were unsure. Notably, after the TPD,
Romania also had the lowest proportion of respondents who
reported that e-cigarettes were less harmful.
This study did not show significant differences between countries
in changes over time regarding perceptions of harm. However, when
responses were averaged across waves, Hungary and Greece had the
highest proportion of respondents who perceived e-cigarettes to be
less harmful than combustible cigarettes, a perception consistent
with the current scientific evidence. Respondents from Romania
and Spain were significantly less likely to believe that e-cigarettes
are less harmful than conventional cigarettes than respondents from
Hungary, which may be a reflection of differing social norms such as
perceived public approval. For example, in a recent EUREST-PLUS
ITC paper by East et al.,28 Romania and Spain had the lowest pro-
portion of smokers who reported believing that the public approves
of e-cigarettes, and Hungary had the highest proportion. This sug-
gests that perceptions of public acceptance towards e-cigarettes may
be associated with e-cigarette harm perceptions.
The high proportion of respondents who perceive e-cigarettes to
be equally or more harmful than cigarettes in the EU, and the
shifting towards this opinion in several other countries, may be
associated with multiple factors, such as divided opinions among
the scientific community, the lack of accurate, consistent and pro-
active risk communications to the public, information from media








































































Figure 1 (a) Perception that e-cigarettes are less harmful than cigarettes. (b) Perception that e-cigarettes are equally or more harmful than
cigarettes. (c) Don’t know if e-cigarettes are more, equally or less harmful than cigarettes
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e-cigarette market. Perhaps most importantly, reporting about the
associations of e-cigarettes with health problems and safety concerns
may not only impact peoples’ absolute harm perceptions of e-ciga-
rettes but may negatively impact peoples’ relative harm perceptions
compared to combustible cigarettes, thereby leading the public to
become more cautious and sceptical about e-cigarettes as a harm
reducing alternative to combustible cigarettes.
Perceptions of potential risks and benefits of e-cigarette use vary
widely among the general public, as well as among those who smoke
compared to those who use e-cigarettes. Research has consistently
found that e-cigarette users are more likely to believe that e-ciga-
rettes are less harmful than combustible cigarettes compared to
never-e-cigarette users, smokers and non-smokers.12,13,25,29
Consistent with this, current e-cigarette users in this study were
significantly more likely than those who had never used an e-cigar-
ette and those who have tried e-cigarettes (but not currently using
them) to believe e-cigarettes are less harmful (56.4% vs. 25.1%).
It has been reported that e-cigarettes are a popular smoking quit
aid in the EU.20 A recent randomized trial in England indicated that
second-generation e-cigarettes nearly doubled the percentage of
smokers who were abstinent from cigarettes after one year (18%)
compared to nicotine replacement therapy (NRT) (10%) when both
products were accompanied by behavioural support,30 an updating
of the initial evidence from two previous clinical trials showing the
efficacy of first-generation e-cigarettes for quitting.31 Some observa-
tional studies have found that (daily) e-cigarette use can be helpful
in attempts to stop smoking or reduce cigarette consumption,32 as
well as smoking cessation,33–36 but other studies have not found an
effect.37 However, it must be also remembered that a scientific con-
sensus on the potential risks and benefits of e-cigarette use still has
not been reached, and the public health debate continues. Similarly,
it should be noted that there are other safe, well-researched and
effective cessation products that can help smokers to quit, including,
but not limited to NRT and Varenicline.38
Study limitations
This repeated cross-sectional study included a large sample of
European smokers from six countries; however, there may be some
limitations to consider. As respondents in this study were recruited as
smokers, the results are not generalizable beyond the smoking popu-
lation (e.g. to former or non-smokers). Second, the proportion of
current e-cigarette users in the sample was small, therefore we could
not examine whether smokers who perceived e-cigarettes to be less
harmful were more likely to initiate e-cigarette use compared to those
who held perceptions that e-cigarettes were equally or more harmful.
Third, data were self-reported, and thus may have been subject to
misclassification due to social desirability bias.
Conclusion
Overall, this study has demonstrated that on average, smokers in
these six EU countries overestimated the relative harmfulness of e-
cigarettes compared to combustible cigarettes. As the global use of e-
cigarettes continues to increase, leveraging different modes of health
communication to discourage e-cigarette use among never-smokers,
especially youth, is critical. However, equally critical is the provision
of balanced information to those smokers who are interested in
using e-cigarettes in place of combustible cigarettes. Such commu-
nication should be framed to distinguish relative and absolute
harms, providing an evidence-based appraisal of the relative risk
of e-cigarettes in comparison to combustible cigarettes.
Supplementary data
Supplementary data are available at EURPUB online.
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Far, Céline Genton, Melanie Jessner, Linnea Hedman, Christer
Janson, Ann Lindberg, Beth Maguire, Sofia Ravara, Valérie Vaccaro
and Brian Ward. Maastricht University, the Netherlands: Marc
Willemsen, Hein de Vries, Karin Hummel and Gera E. Nagelhout.
Health Promotion Foundation (HPF), Poland: Witold A. Zatonski,
Aleksandra Herbec, Kinga Janik-Koncewicz, Krzysztof Przewozniak
and Mateusz Zatonski. University of Waterloo (UW), Canada:
Geoffrey T. Fong, Thomas K. Agar, Pete Driezen, Shannon Gravely,
Anne C. K. Quah and Mary E. Thompson.
Funding
The EUREST-PLUS project has received funding from the European
Union’s Horizon 2020 research and innovation programme under
grant agreement No 681109 (CIV) and the University of Waterloo
(GTF). Additional support was provided to the University of
Waterloo by a foundation grant from the Canadian Institutes of
Health Research (FDN-148477). G.T.F. was supported by a Senior
Investigator Grant from the Ontario Institute for Cancer Research.
E.F. is partly supported by Ministry of Universities and Research,
Government of Catalonia (2017SGR319) and by the Instituto Carlos
III and co-funded by the European Regional Development Fund
(FEDER) (INT16/00211 and INT17/00103), Government of Spain.
E.F. thanks CERCA Programme Generalitat de Catalunya for the
institutional support to IDIBELL.
Conflicts of interest: G.T.F. has served as an expert witness on behalf
of governments in litigation involving the tobacco industry. K.J-.K.
reports grants and personal fees from the Polish League Against
Cancer, outside the submitted work. All other authors have no
conflicts of interest to declare.
Key points
• The majority of smokers in the six EU countries included in
this study (Germany, Greece, Hungary, Poland, Romania and
Spain) perceived e-cigarettes to be equally or more harmful
than combustible cigarettes in 2016 and 2018 (60%), and
approximately 30% believed that e-cigarettes are less harmful
than cigarettes.
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